All relevant data are within the paper and its Supporting Information file.

Introduction {#sec001}
============

It is widely recognised that road trauma remains a burden for global health. In 2015, the World Health Organization estimated that 1.2 million people die as a result of road crashes worldwide annually \[[@pone.0183361.ref001]\]. The premise that human factors are the root cause of most road safety safe-critical events and therefore should be the target of safety and prevention efforts is widely recognised. Mobile phone interactions while driving involve a multitude of cognitive and physical resources, with such behaviour consistently linked with inferior driving performance and reduced safety margins \[[@pone.0183361.ref002], [@pone.0183361.ref003]\]. Conservative estimates have shown that the crash risk is higher among distracted drivers than non-distracted drivers. In the USA alone, mobile phone distraction is likely to explain a quarter of crashes \[[@pone.0183361.ref004]\]. This is confirmed in the largest naturalistic study worldwide, Second Strategic Highway Research Program Naturalistic Driving Study (SHRP 2 NDS), which has reported data showing that hand-based mobile phone interactions increase crash risk, with odds ratios indicating that texting increases crash risk by ∼6.1 \[[@pone.0183361.ref005]\].

At first glance, a combination of a definitive mobile phone ban while driving and strong enforcement should be the most effective approach to address this problem. However, research worldwide (e.g. Farmer, Klauer \[[@pone.0183361.ref006]\]) showing a large prevalence of mobile phone distracted driving has confirmed that legislation and enforcement is not necessarily preventing mobile phone usage while driving. Pioneers and advanced road safety systems with strong laws on distracted driving such as Australia and the USA have been unsuccessful in stopping these behaviours. Recent naturalistic driving estimates in the USA have confirmed that drivers are distracted in some way around half of the time, with mobile phone use making up about a quarter of the distracted time \[[@pone.0183361.ref005]\]. Observational on-road studies have found that nearly 18.7% in the USA \[[@pone.0183361.ref007]\] and 5% in Australia \[[@pone.0183361.ref008]\] use a mobile phone while driving.

Some groups of the population seem more susceptible to mobile phone distraction than others. Alarmingly, distracted driving, particularly the use of mobile phones while driving, is more prevalent among young drivers aged 18--24 years. In Australia, Young, Rudin-Brown (8) confirmed through an observational study that young drivers (\<30 years) more frequently use handheld mobiles than middle-aged and older drivers (30 years and more) while driving. This is in accordance with international studies, where at least one in two young drivers in U.S. and Canada have been found to use a mobile phone while driving \[[@pone.0183361.ref009]\]. Consistently, multi-national studies have confirmed that mobile usage while driving, particularly handheld interactions, is associated with crash risk among young drivers \[[@pone.0183361.ref010]\]. There may be gender differences within young drivers: recently in Victoria (Australia), males were observed to have a larger engagement in mobile phone distracted activities than females \[[@pone.0183361.ref011]\]. A greater understanding of usage patterns and predictors among vulnerable groups will support the development of targeted countermeasures.

Mobile phone distracted driving is an increasingly prevalent and risky behaviour among drivers; however, few recent studies have investigated the prevalence in Queensland and the underlying beliefs held by drivers about engaging in conversations or texting/browsing tasks. Additionally, little information has been reported on usage patterns and potential task-management strategies adopted by drivers to avoid penalties or conflicts with the driving task. Thus, the current research aimed to:

1.  Obtain self-reported behaviour information regarding the extent to which people use phones while driving, and explore patterns of mobile phone activity to determine whether there are differences in these and whether self-reported frequencies of use, risk perception and task-management strategies differ for different mobile phone tasks;

2.  Explore personal, attitudinal, perceptual, and behavioural information that might provide insight into the factors influencing the target distracting behaviour (texting/browsing and handheld conversation) and thus inform the design of interventions to reduce mobile phone distracted driving.

Method {#sec002}
======

The study protocol was approved by the Human Research Ethics Committee of the Queensland University of Technology (Approval Number: 1500001038).

Recruitment {#sec003}
-----------

The survey was conducted as an anonymous online questionnaire. The survey was disseminated using social media (Twitter, Facebook, and blogs), local press releases, and electronic mail through Queensland University of Technology mailing lists and public face-to-face dissemination, with a brief advertisement providing an overview of the study (driving behaviours in general), a link to an on-line informed consent form and a link to the survey. The respondents were assured that participation was voluntary. Participants were informed that they would not be penalized if they chose not to participate or complete the survey. On average, a respondent took 25 minutes to complete the survey.

Participants {#sec004}
------------

A total of 484 drivers completed the survey. Of these respondents, 34.9% were males and 65.1% females. With respect to age group, 49.8% were aged 17--25 years and 50.2% were aged 26--65 years. The average time with a valid licence was 3.33 years (SD = 0.13) for the 17--25 years group, and 18.25 (SD = 0.72) for the 26--65 years group. In general, participants reported driving on average 1.33 hours (SD = 0.05) on a typical day. Some other important demographic characteristics of the sample are reported in [Table 1](#pone.0183361.t001){ref-type="table"}. Most participants (71.9%) reported having driven 10 hours or least in the last week and use driving for a combination of work and personal purposes (57.4%). Small and medium cars are more frequently driven by the respondents (81.0%). A total of 120 (24.8%) respondents reported having at least one crash and 172 (35.5%) reported having at least one traffic offence in the last 3 years.

10.1371/journal.pone.0183361.t001

###### Respondents' demographic profile and driving patterns.
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  Measures                                                 Frequency   Percentage
  -------------------------------------------------------- ----------- ------------
  *How many hours driven per week (last 12 months)*                    
   Less than 5 hours per week                              153         31.6%
   6 to 10 hours per week                                  195         40.3%
   11 to 20 hours per week                                 108         22.3%
   21 to 30 hours per week                                 19          3.9%
   More than 30 hours per week                             9           1.9%
  *Driving purpose*                                                    
   Mostly for work                                         69          14.3%
   Mostly personal                                         137         28.3%
   Mixture of work and personal                            278         57.4%
  *Type of vehicle (Usually drive)*                                    
   SUV/Utility car                                         92          19.0%
   Small/medium Car                                        392         81.0%
  *Prior involvement in crashes (last 3 years)*                        
   Yes                                                     120         24.8%
   No                                                      364         75.2%
  *Prior involvement in traffic offences (last 3 years)*               
   Yes                                                     172         35.5%
   No                                                      312         64.5%

Questionnaire measures {#sec005}
----------------------

Besides sociodemographic characteristics and driving patterns described above, the survey contained five main sections:

### Mobile phone use for talking while driving {#sec006}

Target behaviours were limited to sub-elements of handheld conversations while driving. Two items were used: "On a typical day have you spoken on a handheld phone while driving?" (yes-no scale) and "On a typical day have you located and answered a ringing phone while driving?" (yes-no scale). The frequency of the behaviours was measured by asking, if yes, "What percentage of your total drive time (0%-100%) did this take up?" for the handheld conversation and, "how many times did you engage in this behaviour per hour while driving?" for locating/answering a ringing phone. This research targets handheld conversations because these are illegal in Australia while hands-free devices are allowed (restrictions applied for novice drivers under 25 years). Additionally, the rationale for including a question on locating and answering a ringing phone is that this sub-component of a mobile phone conversation has been ranked among the riskiest mobile phone interactions with the odds of crash involvement being 4.8 times compared with 2.2 for handheld conversations \[[@pone.0183361.ref005]\]. Supplementary sub-components of handheld mobile phone conversations which entail highly intensive visual, cognitive, and manual interactions (e.g. dialling or battery/duration monitoring) are considered as browsing.

### Mobile phone use for texting/browsing while driving {#sec007}

Firstly, one item was used to study engagement on texting and browsing: "On a typical day have you texted or browsed on your phone while driving?" These behaviours were combined because from a human factors perspective, these tasks involve similar demands for the driver. A distracted driver involved in direct use of a mobile phone performs two tasks: "transmission of information from the mobile phone to the driver" and "usage of mobile phone's control mechanisms by the driver" \[[@pone.0183361.ref012]\]. Texting and browsing share the same transmission and usage interfaces (similar verbal codes, visual mode, cognitive processing, and manual responses), which make these tasks transposable in terms of driver workload (see Wickens \[[@pone.0183361.ref013]\]). Also, given that most of the research has agreed that visual demands are particularly risky for drivers \[[@pone.0183361.ref012]\], and definition of this usage typology might not be clear for drivers, a question about the driver taking their eyes off of the road was included: "On a typical day have you looked at a handheld phone while driving for more than 2 seconds continuously (yes-no scale)?" The frequency of the behaviours was measured by asking, if yes, "how many times in a one hour drive?" for both items. These behaviours were included due to a consistent link with higher crash risk with the odds of crash involvement being estimated as 2.7 times greater for browsing, 6.1 times for texting, and 12.2 times for mobile phone dialling \[[@pone.0183361.ref005]\]. In addition, crashes and near crashes have been found to increase monotonically after 2 seconds of taking the eyes off the road \[[@pone.0183361.ref014]\].

### Attitudes towards mobile phone distracted driving {#sec008}

Mobile phone distracted driving safety attitudes were studied for two main behaviours, their typical engagement in mobile phone conversation and texting/browsing on handheld phone. No distinction was made between mobile phone conversation interfaces such as in-vehicle cell-phone, hands-free, handheld, or speaker; this was done for two reasons. First, we wanted drivers to answer based on their actual driving experience which contributed to and reflected the definition of their attitudes. Second, today there is a consensus in the literature that there is no major variation in crash risk between interfaces \[[@pone.0183361.ref015]\]. The questionnaire included eight items formulated for both talking or texting/browsing: (*i*) it is easy for someone to tell if their driving has been affected, (*ii*) I would need a lot of convincing to believe it is dangerous, (*iii*) the effects on driving ability are likely to be only very minor, (*iv*) the only people at risk are those who use a mobile while driving, (*v*) any distraction effects will last even after the task is finished, (*vi*) demanding driving conditions will prevent me from \[*talking* or *texting/browsing*\] on a mobile phone, (*vii*) presence of law enforcement and risk of a fine will prevent me from \[*talking* or *texting/browsing*\] on a mobile phone, and (*viii*) it is completely safe because I am generally extra careful. Responses were on a Likert scale ranging from 1 ("strongly disagree") to 5 ("strongly agree").

### Risk perception towards mobile phone distracted driving {#sec009}

Perceived risk was measured in terms of perceived likelihood of crash risk. Questions were formulated independently for each one of the items used to measure engagement in mobile phone conversation and texting/browsing (see *Mobile phone usage for talking while driving and Mobile phone usage for texting/browsing while driving*): How likely are you to have a crash if you are using a mobile phone for ...? (*i*) a voice call, (*ii*) texting/browsing, (*iii*) looking at the phone continuously for more than 2 seconds, and (*iv*) answering a ringing phone. Responses were on a Likert scale ranging from 1 ("very unlikely") to 5 ("very likely").

### Task-management strategies in mobile phone distracted driving {#sec010}

Two main groups of task-management strategies were included in this study for mobile phone conversation and texting/browsing on a handheld phone (see *Attitudes towards mobile phone distracted driving* for the rationale). Firstly, participants were asked to report changes in driving behaviour due to mobile phone usage: "When you are using your mobile phone while driving, how likely is it that you would ...?" (*i*) lower your driving speed, (*ii*) increase your distance from the vehicle in front, (*iii*) scan the environment more often, and (*iv*) increase the control over the steering wheel. These measurements are inclusive of behavioural adaptations reported in previous literature on mobile phone distracted driving (see Oviedo-Trespalacios, Haque (12)). Secondly, participants were asked to report behaviours performed to avoid police enforcement. "When you are using your mobile phone while driving, how likely is it that you would...?" (*i*) keep your mobile phone low (e.g. in lap or on passenger seat) for avoiding police, (*ii*) scan the environment for police, and (*iii*) cover the phone all the time with your hand. Although other ways and means of risk management are possible, e.g. pulling-over or using the phone while waiting at a signalised intersection, these strategies do not have a direct impact on road safety since the vehicle is not moving. Responses were on a Likert scale ranging from 1 ("very unlikely") to 5 ("very likely").

Data and analysis methods {#sec011}
-------------------------

The self-reported driving behaviours, attitudes, risk perception, and task-management strategies response frequencies were calculated by mobile phone task. The data collected from subjects has been made available as a supporting file ([S1 Dataset](#pone.0183361.s001){ref-type="supplementary-material"}). Frequencies for mobile phone tasks were averaged and assessed as non-normal (variables were considered to be normal if absolute skewness was between -2 and +2 and absolute kurtosis was between -7 and +7). Therefore, to study relationships between frequencies of mobile phone tasks while driving, non-parametric tests were utilised when possible: Spearman's *rho* and the Wilcoxon signed rank test. To study differences in perceived risk, attitudes, and self-reported use of task-management strategies between handheld conversations and texting/browsing, the McNemar---Bowker test for paired data was utilised. To examine the role of the respondents' demographic profile, driving patterns, crash risk perceptions, attitudes, and self-reports of task-management strategies on mobile phone distracted driving on a typical day, two stepwise binary logistic regression models were tested using these outcomes as the dependent variable: "no" (0) and "yes" (1). We performed stratified analyses with separate models for handheld talking (any sub-component) and texting/browsing (any sub-component). To investigate potential bias in maximum likelihood estimation caused by low self-reported behaviours, models were re-fitted and compared using Firth\'s penalised likelihood procedure \[[@pone.0183361.ref016]\].

Results {#sec012}
=======

Drivers' general self-reported behaviour and attitudes towards mobile phone distracted driving {#sec013}
----------------------------------------------------------------------------------------------

To address Aim 1, self-reported behaviour and attitudinal characteristics of mobile phone distracted drivers were analysed. [Table 2](#pone.0183361.t002){ref-type="table"} shows the prevalence of behaviour based on task subcomponents and usage frequency. Nearly 49% of drivers engaged in at least one of the sub-components of mobile phone conversations. Locating and answering a ringing phone was the most frequent task reported by almost 45% of the participants compared to the 28% of participants who reported speaking on a handheld phone. The average length of conversations among those who spoke over handheld phone was 9 minutes, and drivers who located and answered a ringing phone did this task on an average 1.5 times per hour of driving. The correlation between the frequencies of locating/answering a ringing phone and speaking on a handheld phone was statistically significant (Spearman's rho, 0.20, *p \<* 0.05, *n* = 117). Nearly 50% of drivers engaged in at least one of these sub-components of handheld mobile phone tasks related to conversations. Participants reported that, on a typical day, they texted or browsed with a lower frequency (34%) than they looked at the phone for more than 2 seconds (39%). Frequency of engagement was 3.5 times per hour driving for texting and browsing and 3.9 times per hour driving for looking at the phone for more than 2 seconds; however the differences between these two activities were not statistically significant (Wilcoxon signed rank test, 0.46, *p \>* 0.05). The correlation between the frequencies of texting/browsing and looking at the phone for more than 2 seconds was statistically significant (Spearman's rho, 0.66, *p \<* 0.001, *n* = 109).

10.1371/journal.pone.0183361.t002

###### Mobile phone use on a typical day and frequency.
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  --------------------------------------------------------------------------------------------------------------------------------------
  Mobile phone tasks                                                 Yes\         No\          *Exposure to the task*
                                                                     *n (%)*      *n (%)*      
  ------------------------------------------------------------------ ------------ ------------ -----------------------------------------
  *Mobile phone usage for talking (any sub-component)*               *235 (49)*   *249 (51)*   

  Located and answered a ringing phone                               219 (45)     265 (55)     1.51 (SD 1.6) times per hour of driving

  Spoken on a handheld phone                                         137 (28)     347 (72)     9.18 (SD 11.7) minutes per hour driving

  *Mobile phone usage for browsing/texting (any sub-component)*      *241 (50)*   *243 (50)*   

  Texted or browsed on your phone                                    162 (34)     322 (67)     3.5 (SD 3.3) times per hour driving

  Looked at a handheld phone while driving for more than 2 seconds   188 (39)     296 (61)     3.9 (SD 5.7) times per hour driving
  --------------------------------------------------------------------------------------------------------------------------------------

Frequency of responses for self-reported risk perception is presented in [Table 3](#pone.0183361.t003){ref-type="table"}. With regard the talking activity, most of the participants reported that crashes are likely while locating and answering a ringing phone (41%). However, most of the participants reported that crashes are very unlikely or unlikely while performing a handheld conversation (44%). On the other hand, most of the participants reported high perceived crash risk for mobile phone usage for browsing/texting (71--72%). Comparisons of the responses showed that all items have statistically significant differences in perceived risk crash.

10.1371/journal.pone.0183361.t003

###### Perceived crash risk per mobile phone sub-task.
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  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  How likely are you to have a crash if you are using a Mobile Phone for\_\_\_?   Very unlikely or unlikely\   Uncertain\   Very likely or likely\   Comparisons (McNemar---Bowker test)
                                                                                  *n (%)*                      *n (%)*      *n (%)*                  
  ------------------------------------------------------------------------------- ---------------------------- ------------ ------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------
  Answering and locating a ringing phone                                          124 (25)                     157 (32)     203 (41)                 AL-VC[\*\*\*](#t003fn002){ref-type="table-fn"}; AL-LP[\*\*\*](#t003fn002){ref-type="table-fn"}; AL-TB[\*\*\*](#t003fn002){ref-type="table-fn"}

  Voice call (handheld)                                                           214 (44)                     141 (29)     129 (26)                 VC-LP[\*\*\*](#t003fn002){ref-type="table-fn"}; VC-TB[\*\*\*](#t003fn002){ref-type="table-fn"}

  Looking at the phone continuously for more than 2 seconds                       49 (10)                      90 (18)      345 (71)                 LP-TB[^ns^](#t003fn003){ref-type="table-fn"}

  Texting/Browsing                                                                45 (9)                       89 (18)      350 (72)                 
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** AL-VC answering and locating a ringing phone- voice call comparison; AL-LP answering and locating a ringing phone- looking at the phone for continuously more than 2 seconds comparison; AL-TB answering and locating a ringing phone- texting/browsing comparison; VC-LP voice call- looking at the phone for continuously more than 2 seconds comparison; VC-TB voice call- texting/browsing comparison; LP-TB looking at the phone for continuously more than 2 seconds- texting/browsing comparison.

\*\*\* *p\<* 0.001

^ns^ not significant

Frequency of responses for self-reported attitudes and task-management strategies for engaging in distracted driving by mobile phone task are shown in [Table 4](#pone.0183361.t004){ref-type="table"}. Attitudes were statistically different between mobile phone conditions. Participants consistently reported that talking over the mobile phone was safer compared to texting or browsing (e.g. 12% of participants strongly agree or agree they would need a lot of convincing to believe talking is dangerous compared to the 4% who would need a lot of convincing about the danger of texting and browsing). With regard to the changes in driving behaviour to manage the secondary task of mobile phone usage, participants reported being very likely or likely to lower their driving speed (79%), increase their distance from the vehicle in front (70%), and scan the environment more often (44%) while texting or browsing. They were marginally more likely to report increasing their control over the steering wheel while talking (33%). With regard to changes in driving behaviour performed to avoid police enforcement, no differences were found between talking and texting/browsing in the proportion of participants who were very likely or likely to scan the environment for police (69--72%). Other behavioural changes, such as covering the phone all the time with your hand, were more likely to be reported while texting or browsing.

10.1371/journal.pone.0183361.t004

###### Self-reported attitudes and task-management strategies for mobile phone distracted driving.
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  Items                                                                               Talking                                     Texting or browsing     Differences (McNemar---Bowker test)                                                                                                             
  ----------------------------------------------------------------------------------- ------------------------------------------- ----------------------- ------------------------------------- ------------------------------------------- ----------------------- ------------------------------------- -------------------------------------------------------
  **Attitudes towards mobile phone distracted driving**                               ***Strongly disagree or disagree n (%)***   ***Neutral n (%)***     ***Strongly agree or agree n (%)***   ***Strongly disagree or disagree n (%)***   ***Neutral n (%)***     ***Strongly agree or agree n (%)***   
  Easy for someone to tell if their driving has been affected                         150 (31)                                    124 (26)                210 (43)                              117 (24)                                    33 (7)                  334 (69)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Need a lot of convincing to believe it is dangerous                                 347 (72)                                    81 (17)                 56 (12)                               456 (94)                                    8 (2)                   20 (4)                                *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Effects on driving ability are likely to be only very minor                         268 (55)                                    104 (21)                112 (23)                              431 (89)                                    21 (4)                  32 (7)                                *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Only people at risk are those who use a mobile while driving                        427 (88)                                    30 (6)                  27 (6)                                439 (91)                                    17 (4)                  28 (6)                                *P* = .02[\*](#t004fn001){ref-type="table-fn"}
  Distraction effects will last even after the task is finished                       126 (26)                                    142 (29)                216 (45)                              98 (20)                                     129 (27)                257 (53)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Demanding driving conditions will prevent me from...                                36 (7)                                      59 (12)                 389 (80)                              21 (4)                                      51 (11)                 412 (85)                              *P* = .001[\*\*](#t004fn002){ref-type="table-fn"}
  Presence of law enforcement and risk of a fine will prevent me from...              41 (8)                                      61 (13)                 382 (79)                              17 (4)                                      39 (8)                  428 (88)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  It is completely safe because I am generally extra careful                          339 (70)                                    83 (17)                 62 (13)                               413 (85)                                    44 (9)                  27 (6)                                *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  **Task-management strategies for mobile phone dual-tasking**                        ***Very unlikely and unlikely n (%)***      ***Uncertain n (%)***   ***Very likely and likely n (%)***    ***Very unlikely and unlikely n (%)***      ***Uncertain n (%)***   ***Very likely and likely n (%)***    
  Lower your driving speed                                                            153 (31)                                    94 (19)                 237 (48)                              44 (9)                                      56 (11)                 384 (79)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Increase your distance from the vehicle in front                                    133 (28)                                    96 (19)                 255 (53)                              57 (11)                                     84 (17)                 343 (70)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Scan the environment more often                                                     184 (38)                                    96 (19)                 204 (42)                              212 (43)                                    59 (12)                 213 (44)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Increase the control over the steering wheel                                        202 (41)                                    120 (24)                162 (33)                              237 (48)                                    88 (18)                 159 (32)                              *P \<* .001[\*\*\*](#t004fn003){ref-type="table-fn"}
  Keep your mobile phone low (e.g. in lap or on passenger seat) for avoiding police   83 (17)                                     50 (10)                 351 (72)                              57 (11)                                     52 (10)                 375 (77)                              *P \<* .005[\*\*](#t004fn002){ref-type="table-fn"}
  Scan the environment for police                                                     82 (16)                                     66 (13)                 336 (69)                              71 (14)                                     64 (13)                 349 (72)                              *P \<* .05[^ns^](#t004fn004){ref-type="table-fn"}
  Cover the phone all the time with your hand                                         260 (53)                                    107 (22)                117 (24)                              237 (48)                                    108 (22)                139 (28)                              *P \<* .001 [\*\*\*](#t004fn003){ref-type="table-fn"}

\* *p\<* 0.05

\*\* *p\<* 0.01

\*\*\* *p\<* 0.001

^ns^ not significant

Relationship of personal characteristics, attitudinal information, and task-management strategies with mobile phone usage while driving {#sec014}
---------------------------------------------------------------------------------------------------------------------------------------

To address Aim 2, separate logistic regression models were fitted for self-reported mobile phone handheld conversation (any sub-component) and text/browse (any sub-component) engagement on a typical day (yes or no). Associations between the mobile phone tasks and personal/attitudinal characteristics of participants were determined. Personal characteristics included: being 25 years old or less (yes/no), gender (male/female), time with a valid licence (years), hours driving (hours/day), having at least one traffic offence in the last three years (yes/no), having at least one crash in the last three years (yes/no), driving purpose (mostly for work/mostly personal/mixture), and type of vehicle they usually drive (SUV-utility car/small-medium car). Attitudinal information included: the eight attitude items towards mobile phone usage while driving (1--5 Likert scale), a risk perception item for each mobile phone task (1--5 Likert scale), and seven items describing task-management strategies by mobile phone task (1--5 Likert scale). Parsimonious logistic regressions were determined using maximum likelihood estimation. Neither handheld conversations nor texting/browsing models showed lack of fit at a *p \<* 0.05. The regression model that resulted and the odds ratio estimates for self-reported engagement are shown in [Table 5](#pone.0183361.t005){ref-type="table"}.

10.1371/journal.pone.0183361.t005

###### Logistic regression analysis: Predicting handheld conversations and texting/browsing engagement.
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  Variables                                                                                                                                            Odds Ratio   95% CI           *β*     SE     *z*     Sig.
  ---------------------------------------------------------------------------------------------------------------------------------------------------- ------------ ---------------- ------- ------ ------- ---------
  ***Likelihood of engagement in handheld conversations (any sub-component) while driving on a typical day*** [^a^](#t005fn001){ref-type="table-fn"}                                                        
  **Hours driving per day**                                                                                                                            1.48         \[1.19, 1.86\]   0.39    0.11   3.5     \<0.001
  **Years with licence**                                                                                                                               0.97         \[0.95, 0.99\]   -0.02   0.01   -2.48   0.013
  **At least one traffic offence in the last three years (1 = yes)**                                                                                   3.59         \[2.3, 5.62\]    1.27    0.22   5.61    \<0.001
  **At least one crash in the last three years (1 = yes)**                                                                                             0.52         \[0.32, 0.84\]   -0.65   0.24   -2.64   0.008
  **Attitudes:** *Distraction effects will last even after the task is finished*                                                                       0.81         \[0.65, 0.99\]   -0.21   0.1    -2.01   0.044
  **Attitudes:** *Demanding driving conditions will prevent me from conversing*                                                                        0.67         \[0.53, 0.84\]   -0.39   0.11   -3.48   \<0.001
  **Perceived crash risk**                                                                                                                             0.73         \[0.6, 0.9\]     -0.3    0.1    -2.97   0.003
  **Task-management strategy:** *Scan the environment more often*                                                                                      1.42         \[1.13, 1.79\]   0.35    0.11   3.03    0.002
  **Task-management strategy:** *Keep your mobile phone low*                                                                                           1.52         \[1.15, 2.00\]   0.41    0.14   2.99    0.003
  **Task-management strategy:** *Cover the phone all the time with your hand*                                                                          0.65         \[0.5, 0.84\]    -0.42   0.13   -3.25   0.001
  **Constant**                                                                                                                                         4.42         \[1.04, 18.8\]   1.48    0.73   2.02    0.044
  ***Likelihood of engagement in texting or browsing (any sub-component) while driving on a typical day*** [^b^](#t005fn002){ref-type="table-fn"}                                                           
  **Hours driving per day**                                                                                                                            1.23         \[1.00, 1.50\]   0.20    0.10   1.98    0.047
  **Years with licence**                                                                                                                               0.97         \[0.94, 0.98\]   -0.03   0.01   -3.58   \<0.001
  **At least one traffic offence in the last three years (1 = yes)**                                                                                   1.66         \[1.10, 2.50\]   0.51    0.21   2.44    0.015
  **Attitudes:** *It is completely safe because I am generally extra careful*                                                                          1.38         \[1.10, 1.73\]   0.33    0.11   2.86    0.004
  **Task-management strategy:** *Scan the environment more often*                                                                                      1.39         \[1.12, 1.72\]   0.33    0.11   3.07    0.002
  **Task-management strategy:** *Scan the environment for police*                                                                                      1.38         \[1.05, 1.81\]   0.32    0.14   2.32    0.02
  **Constant**                                                                                                                                         0.12         \[0.04, 0.28\]   -2.13   0.45   -4.7    \<0.001

^*a*^ Engagement in handheld conversation: Likelihood ratio Chi-Square = 110.5, *p*-value = *\< 0*.*001; Bayesian Information Criterion (BIC) = 628*.*03; Akaike's Information Criterion (AIC) = 582*.*02*

^*b*^ Engagement in texting/browsing: Likelihood ratio Chi-Square = 61.49, *p*-value = *\< 0*.*001; Bayesian Information Criterion (BIC) = 652*.*73; Akaike's Information Criterion (AIC) = 623*.*46*

### Logistic regression summary for handheld conversations {#sec015}

Participants who drive for a large number of hours, reported at least one traffic offence in the last three years, reported being more likely to scan the environment more often, and reported being more likely to keep the phone low, have higher odds of reporting handheld mobile phone use on a typical day.

Specifically: for every additional hour driven per day, drivers had 1.48 times the odds of reporting engagement in handheld conversations (95% CI = 1.19--1.86); drivers who reported having at least one traffic offence in the last three years had 3.59 times the odds of self-reporting handheld conversations (95% CI = 2.30--5.62); drivers had 1.42 times the odds of reporting engagement in handheld conversations for every additional unit in the likelihood of scanning the environment more often (95% CI = 1.13--1.79); and 1.52 times the odds of reporting engagement in handheld conversations for every additional unit in the self-reported likelihood to keep the phone low (95% CI = 1.15--2.00).

Drivers who had their licence for a longer period, reported having a crash in the last three years, have a high perception of risk with regard to the task, believed that the effects of distraction are long-lasting even after the task is finished, consider that demanding conditions would activate self-regulation, and self-reported being likely to cover the phone all the time with their hand, were less likely to report engagement in handheld conversations.

Specifically, for every additional year of having a valid licence, the odds of self-reporting handheld conversations while driving decrease by 3% (95% CI = 0.95--0.99). Drivers who reported having at least one crash in the last three years had 0.52 times the odds of self-reporting handheld conversations (95% CI = 0.32--0.84). When the attitude that distraction effects will last even after the task is finished increased by one unit, the odds of self-reporting a crash are approximately 19% lower (95% CI = 0.65--0.99). When the belief that demanding driving conditions will prevent the driver from conversing increased by one unit, the odds of self-reporting a crash are approximately 33% lower (95% CI = 0.53--0.84). When drivers increased by one unit the perceived crash risk, the odds of self-reporting a crash are approximately 27% lower (95% CI = 0.60--0.90). Drivers had 0.65 times the odds of reporting engagement in handheld conversations for every additional unit in the likelihood of covering the phone with the hand (95% CI = 0.50--0.84)

### Logistic regression summary for texting/browsing {#sec016}

Participants who drive for extended periods of time, reported at least one traffic offence in the last three years, declared high safe attitudes as a result of being "extra careful", reported higher likelihood to scan the environment more often and scanning for police more often, have higher odds of self-reporting texting/browsing on a typical day.

Specifically, for every additional hour driven per day, drivers had 1.23 times the odds of reporting engagement in texting/browsing (95% CI = 1.00--1.50) and, if the driver reported having at least one traffic offence in the last three years, had 1.66 times the odds of self-reporting texting/browsing (95% CI = 1.10--1.73). When safe attitudes as a result of being "extra careful" increased by one unit, the odds of texting/browsing on a typical day were 38% higher (95% CI = 1.10--1.73). When self-reports of likelihood of scanning the environment more often increased by one unit, the odds of texting/browsing on a typical day were nearly 39% higher (95% CI = 1.12--1.72). When self-reported high likelihood of scanning the environment for police increased by one unit, the odds of texting/browsing on a typical day were nearly 39% higher (95% CI = 1.12--1.72).

Drivers who had held a licence for a longer time were less likely to report engagement in texting/browsing and conversations. For every additional year of having a valid licence, the odds of self-reporting handheld conversations while driving decrease by 3% (95% CI = 0.94--0.98).

Discussion {#sec017}
==========

Among a general driving population from Queensland (Australia), we surveyed differences in behaviour, attitudes and perceptions regarding mobile phone distracted driving. On a typical day, fewer drivers were likely to report talking on handheld mobile phone or texting/browsing than the other two surrogate measures of mobile phone distraction: looking at the screen for more than 2 seconds, or locating and answering a ringing phone. This is not surprising given that previous literature has confirmed that drivers are likely to partition mobile phone interactions (e.g. a study in the U.S. confirmed that most drivers receiving calls while driving just answer and keep driving \[[@pone.0183361.ref017]\]). Despite the plethora of interventions on mobile phone distracted driving, nearly one in every two respondents confirmed engaging in at least one of these tasks on a typical day. This situation is rather concerning, given that the tasks evaluated here at least double the odds of crash \[[@pone.0183361.ref005], [@pone.0183361.ref014]\]. Moreover, mobile phone engagement is likely to be higher because a wide range of mobile phone tasks, that could be performed by drivers, were not included in this study (e.g. take selfies or play games \[[@pone.0183361.ref018]\]).

In general, the most frequent interactions reported by drivers in Queensland involve heavy visual workload. Similar findings have been reported in the U.S. \[[@pone.0183361.ref019]\], Israel \[[@pone.0183361.ref020]\], and Australia (New South Wales) \[[@pone.0183361.ref021]\]. This is worrisome given that there is a large volume of published studies linking visual distraction with an increased crash risk \[[@pone.0183361.ref012]\]. A further examination confirms that, among the behaviours examined, looking for more than 2 seconds at a mobile phone while driving is the most common and frequent task while driving. A recent qualitative study by Gauld, Lewis \[[@pone.0183361.ref022]\] suggests that texting sub-tasks (e.g. initiating, monitoring/reading, and responding) have different underlying motivations. It can thus be suggested that focusing on dangerous human-machine interactions with the mobile phone rather than generic tasks, i.e. dangers of taking the eyes off the road or reducing the quality of visual information procurement, should be utilised to design more efficient enforcement strategies and communicate risks to the general public. Nonetheless, having a small frequency of drivers reporting engagement in texting/browsing can be partially attributed to social desirability bias given these tasks have been frequently the focus of road safety intervention and are unlawful activities in Queensland.

Levels of perceived risk were higher and comparable between looking at the phone for more than 2 seconds and texting/browsing. Mobile phone conversations were the tasks perceived as less risky. There are similarities between the levels of mobile phone conversations and texting/browsing risk perception expressed in this study and those described by Terry and Terry \[[@pone.0183361.ref019]\], Young and Lenné \[[@pone.0183361.ref023]\], Nelson, Atchley \[[@pone.0183361.ref024]\], and White, Eiser \[[@pone.0183361.ref025]\]. On the other hand, locating and reaching a ringing phone was perceived as having a risk around the mid-range between these tasks. An issue emerging from these results is that naturalistic observations of locating and reaching a ringing phone have revealed this to be one of the most risky activities that a driver could possibly engage in \[[@pone.0183361.ref005]\]. This mismatch in risk perception requires further research to understand its occurrence and implications for road safety.

Attitudinal and task-management self-reports were evaluated for talking and texting/browsing while driving. Drivers reported less positive attitudes for texting/browsing than mobile phone conversations. This is consistent with previous attitudinal research on mobile phone distracted driving \[[@pone.0183361.ref017]\]. Drivers in the sample reported being willing to stop using the phone to avoid police or when the complexity of the driving task was high. This suggests that drivers are engaging in tactical compensatory strategies that have been theorised in the driving behaviour literature for both workload management and police enforcement avoidance \[[@pone.0183361.ref026]--[@pone.0183361.ref028]\]. In addition, task-management strategies were more likely to be reported for texting/browsing. No differences were found in the item with regard to increasing the frequency of scanning the environment for police, suggesting that drivers are likely to have similar responses to police enforcement independently of the task.

Previous research in Australia confirmed that "reduce speed" is one of the frequent strategies used by drivers (78% of drivers; n = 158) to engage in other tasks \[[@pone.0183361.ref023]\]. A contribution of this research is confirmation that the task-management strategies might vary from task to task. The most frequent driving strategies for engaging in dual-tasking were increasing headway distance while talking (53%) and lowering driving speed while texting/browsing (79%). In reviewing the literature, naturalistic and simulator studies have consistently observed these behavioural responses \[[@pone.0183361.ref029]--[@pone.0183361.ref031]\]. Efforts to calibrate driver behavioural models and include human factors into traffic and transportation models are required to deal with these potential differences in drivers' decision-making process.

Logistic regression models were fitted to determine predictors of mobile phone usage for talking (any sub-component) and texting/browsing (any sub-component) on a typical day. In both cases drivers who have held a valid driving licence for less time and spend more time driving per day were more likely to report engagement in the tasks. Previous research in the U.S. has shown that prevalence of secondary tasks with heavy visual demands increased over time among novice drivers but not among experienced drivers \[[@pone.0183361.ref032]\]. In this study, there is a perfect storm of distracted novice drivers who do not have the driving experience needed to engage in a secondary task. Naturalistic driving studies have showed that young adults aged 16--20 are at higher crash risk (OR: 3.53; overall cell use) than drivers aged 30--64 (OR: 2.11; overall cell use) \[[@pone.0183361.ref033]\]. This could be explained in terms of research which has indicated that less driving experience could be associated with a reduced amount of spare capacity needed to engage in inattentive driving \[[@pone.0183361.ref034]\],

Although years with a valid driving license was a significant predictor of texting/browsing and handheld talking while driving on a typical day, age alone did not predict mobile phone use (these variables were tested independently due to intercorrelation). Additionally, no gender differences were found in likelihood of reporting mobile phone engagement. These somewhat surprising results are consistent with previous research in other jurisdictions \[[@pone.0183361.ref035], [@pone.0183361.ref036]\]. Nonetheless, there are some unresolved questions of interest related to the role of individual differences in the distracted driving decision-making process. For instance, empirical evidence suggests that individual differences have a significant in situation-complexity assessment \[[@pone.0183361.ref037]\], risky behaviour of young novice drivers \[[@pone.0183361.ref038]\], and self-regulation practices \[[@pone.0183361.ref029]\]. These issues will be dealt with in another paper under preparation using the same data set, and are expected to explain the difference in crash risk between groups of drivers (e.g. young and mature drivers).

Having at least one traffic offence in the last three years was a predictor of actual self-reported usage of mobile phone while driving for texting/browsing and talking. Research elsewhere has reported similar results (see Márquez, Cantillo \[[@pone.0183361.ref039]\]). Recidivism might play a role and brings new opportunities for developing targeted interventions for this high-risk group.

As expected, attitudes were predictors of mobile phone engagement on a typical day for both models. Previous research has confirmed the role of attitudes and safety beliefs in the prediction of mobile phone distracted driving behaviour \[[@pone.0183361.ref028], [@pone.0183361.ref035]\]. It is important to highlight that attitudes related to the perceived capacity of self-regulation (i.e. to avoid mobile phone use in case of high driving demands and to adjust driving behaviour accordingly to the driving demands) seem to influence engagement on mobile phone distracted driving. These results imply that strategic (Would I use the mobile phone while driving?) and tactical (Under which circumstances would I use the mobile phone while driving?) mobile phone engagement decisions must be considered when investigating predictors of mobile phone distracted driving. Appropriate caution should be exercised in the interpretation of this finding because there is no guarantee that the drivers' judgement of a driving situation is adequate to minimise crash risk \[[@pone.0183361.ref034], [@pone.0183361.ref040]\].

Perceived crash risk was a predictor of handheld conversation but not texting/browsing. Two explanations could be considered: first, although usually assumed otherwise (see Young, Rudin-Brown \[[@pone.0183361.ref008]\] on-road study showing a higher prevalence of handheld conversations than hands-free devices in Australia), it is likely that the majority of the drivers used a hands free interface which is not prohibited in Queensland and, therefore, considered safe by the public. Second, driver behaviour models have suggested that drivers have a threshold awareness risk \[[@pone.0183361.ref037]\]. As the complexity of texting/browsing compared to talking has been consistently perceived to be high, these tasks might have reached a threshold where the drivers might need to initiate a capability assessment.

The self-reported likelihood of engaging in task-management strategies was a predictor of mobile phone involvement on a typical day for both mobile phone tasks. Scanning the environment more often was a consistent predictor in the models, indicating that the decision to engage in mobile phone use is closely related to the perception of potential hazards. It is possible to hypothesise that drivers do not decide to engage in a secondary task based on future risks but actual road hazards. Unsurprisingly, none of the task-management strategies related to vehicle control (e.g. speed selection or steering wheel control) were predictors of engagement. Typically, modification of driving behaviour occurs once the driver is performing a secondary task, which suggests that the decision to use the mobile phone is scenario-based with no prearranged strategy for workload management. Using naturalistic data, Tivesten and Dozza \[[@pone.0183361.ref041]\] confirmed that drivers change their glance behaviour while distracted depending on where they are driving. Future research is needed to confirm this.

Scanning for police officers was also significant in the talking and texting/browsing models. This suggested that an enforcement oriented policy has not been able to minimise mobile phone usage in cars successfully and new system-wide countermeasures are needed. Additionally, the fact that drivers learned that covering the phone with their hand will help them avoid a police offence while driving must be incorporated in planning for road safety strategies. Nonetheless, an open question here is the interaction between enforcement avoidance and collision avoidance. Some of the strategies used by drivers, such as texting with the phone in their laps, might put them in a higher risk since this is not an optimal position for viewing the screens while driving (see Wittmann, Kiss \[[@pone.0183361.ref042]\] and Alconera, Garcia \[[@pone.0183361.ref043]\]).

Limitations {#sec018}
===========

The use of self-report measurements in this study is a clear limitation given their susceptibility to socially desirable responding or inaccurate memories. Although there is a chance that our findings might underestimate risky behaviours, the relatively high proportion of participants (50%) who reported high levels of engagement in the riskier behaviours suggests that participants responded honestly to the questions. The current sample also had a lower proportion of men than women which may limit its generalisability to the wider male population. However, the proportion seems typical to similar studies in Queensland \[[@pone.0183361.ref044]\]. Next, although this study assessed both psychological and physiological personal variables, there are other environmental variables that influence mobile phone usage while driving, such as heavy traffic and urbanization \[[@pone.0183361.ref029]\]. Finally, it is possible that the engagement of the allegedly risky behaviour studied in this research does not compromise safety. Human-factors theories, such as the minimum required attention (MiRA) theory \[[@pone.0183361.ref034]\], considers a driver should only be considered inattentive when the driving task is compromised, regardless of whether the driver is concurrently executing an additional task or not. Further discussion of this dispute is necessary to understand the impact of mobile phone distracted driving.

Conclusions {#sec019}
===========

Despite such limitations, the findings provide support for focusing on the development of injury prevention strategies as a result of mobile phone distracted driving. Drivers are engaging in risky tasks that have been consistently linked with an increased crash risk (Objective 1). A reconceptualization of the delivery of health messages is necessary and important to tackle all the different opportunities in which an undesirable interaction with mobile phones compromises safety. While typical behaviours such as texting and calling were low, the sub-tasks (with equal or more risk) were highly reported and, in the case of locating and answering a ringing phone, erroneously assessed as less risky. This phenomenon might reflect a lack of safety literacy among the drivers. Additionally, drivers reported more safety attitudes towards talking on a mobile phone and more frequent engagement in task-management strategies for texting/browsing.

Logistic regression models were fitted to understand the role of personal, attitudinal, perceptual, and behavioural information in mobile phone engagement while driving (Objective 2). Predictors of mobile phone engagement were intrinsically different between talking and texting/browsing. For both behaviours, novice drivers and frequent drivers were more likely to engage in distracted driving. Additionally, previous offences seem to predict mobile phone usage which suggests that this is a high-risk group to be considered in interventions. Generally speaking, drivers who intentionally use strategies to evade police detection were more likely to report engagement in distracted driving. This has important implications because enforcement of distracted driving is already difficult and expensive, and system-wide solutions are necessary to prevent the consequences of distracted driving. Nevertheless, the development of safe attitudes and improvement of risk-literacy could help in reducing the crash risk.

Based on the results from this study, other potential opportunities to formulate countermeasures include: (*i*) re-engineer mobile phone tasks to avoid sub-tasks that require visual demands (e.g. Windscreen Head-Up Displays (HUDs) project information onto the vehicle windscreen in line with the driver's forward line of sight), (*ii*) restructure enforcement strategies to overcome behavioural adaptations such as keeping the mobile phone low and searching for police (e.g. technologies to support automated enforcement through the detection of radio frequencies), and (*iii*) educational campaigns could be designed to prevent visual interfaces while driving. Participants in this project showed at least two main misunderstanding: First, there is a mismatch between objective and subjective risk that needs to be corrected. The perceived crash risk reflects that the knowledge transmitted to drivers through campaigns or media have not been evidence-based. Second, counterintuitively, participants reported less engagement in texting/browsing than other tasks with similar or higher visual demands. Educational campaigns focusing on tasks such as texting and browsing perhaps have not been sufficient to deter engagement in mobile phone subtasks such as searching for a ringing phone or dialling a phone number. These considerations must be considered in future community programs and advertising campaigns.

In an effort to move toward a theoretical framework for guiding future research, these findings reflect and support the viability of using driver behavioural models to explain how drivers adapt their behaviour to changes in complexity. Particularly, the study of where drivers engage in mobile phone activities could benefit from utilisation of behavioural adaptation theory (See Young and Regan (27) and Oviedo-Trespalacios, Haque (26)).
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